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ORCHARD HEATING
By LAURENZ CREENE
Late spring frosts cause immense losses of fruit in Iowa and 
help to discourage growers until many of them neglect, destroy 
or dispose of their orchards.
For that reason the Iowa Agricultural Experiment station 
is seeking to determine the value and efficiency of some of 
the orchard heating devices now on the' market. During the 
season of 1911 tests were conducted in three different orchards 
and in addition several individual growers in various sections 
of the state also tried out heating as a means of frost protection. 
While the work is not complete and must be extended through 
other seasons, these first teste demonstrated these facts:
That the temperature in an orchard can be raised several de­
grees in time of frost.
That orchard heating as a method of insurance against frost 
is practicable under Iowa conditions during most seasons.
The season of 1911 did not offer the best conditions for a 
thorough test because injurious temperatures did not occur. 
Although there was some slight injury to cherries from late 
spring frost just at blossoming time, the temperature did not 
go low enough to hurt the apple blossoms seriously. Moreover, 
weather conditions influence the formation of blossom buds and 
to a limited extent determine their adaptability to withstand 
low temperatures. In 1911 this fact evidently prevented serious 
injury where frost protection was not provided. This was for­
tunate for the fruit-growers, but it failed to give the best op­
portunity to demonstrate fully the value of the orchard heater 
m Iowa.
A  COMMERCIAL ORCHARD TEST
The largest of these heater teste in 1911 was carried on at 
tiie Iowa Agricultural Experiment station’s orchard at Council 
Bluffs, comprising a 23 acre tract. The other two teste were con­
ducted on home orchards, one hear the large orchard, the other 
at Ames.
For the largest test, 500 heaters of the sliding cover type 
were purchased of the Hamilton Orchard Heater Company, Grand 
Junction, Colo. They were placed in a block in the center of the 
¿3 acre experiment orchard and distributed at the rate of 60 per 
acre, about 28 feet apart each way, with a heater about 8 feet
3
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i i q  T re e s  e a ^ ta n d , w e s t.
9 0  H o.m il  t o n  H e a t e r s  p e r  A c r e
6 0  H a r m  l io n  H e a t e r s  p e r A & r e
Fig 1 Plan of the Iowa Agricultural Experiment Station Commercial Orchard near Council Bluffs, showing Arrangement of
*ig. l. n a n  or me xowd. s Heating Equipment in Orchard Heating Test
132
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from each tree. Along the north side of this heated area the pots 
were placed at the rate of 90 per acre, or 28 feet apart one way 
and 18 feet the other. As the pots were distributed, the covers 
were fitted and two men and a team placed from 100 to 150 per 
hour. After the pots have been used a season the covers are 
likely to become more or less bent and rusty and the work of 
placing will take longer.
In another part of this same orchard, 100 Troutman and 100 
lard pail heaters were placed as shown in the plat of the orchard 
in figure 1.
S T O R A G E  T A N K S  F O R  O IL
Two large No. 18 steel tanks were used for storing the oil 
used in this test, each with a capacity of 2,250 gallons and costing
Fig- 2. Storage Tank on Orchard Hillside. With a pipe line down the slope, filling 
the distributing tank becomes an easy task
about $80.00, complete. These tanks were placed in excavations 
in the hillsides in the orchard and the soil excavated was dumped 
m a driveway on the upper side of the tanks so that oil might be 
unloaded from the wagon tank by gravity. Each storage tank 
was fitted at the bottom with a 2 inch gate valve with an elbow 
and a pipe leading down the slope far enough so that the oil 
could be raised above the top of a distributing tank wagon by 
means of a standpipe consisting of two short pieces of gas pipe 
and two elbows. With the above equipment it was a very, simple 
matter to fill the distributing tank with oil. In using such stor-
5
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Fig. 3. Filling Wagon Tank from Tank Car by Gravity. Note the line of pipe extend­ing from the car along track bed to the wagon
age tanks in the orchard, they should be set up where 
they are to stand, as any tank of this material is very apt to leak 
if hauled any great distance after being set up. Difficulty was
experienced along this line and some oil wasted.
The oil used was known as Rayo orchard heating oil, put out 
by the Standard Oil Co., specific gravity 29.50 Beaume. This is 
a heavy, black oil from which the lighter oils, such as gasoline, 
kerosene, etc., have been removed. It is very satisfactory in that 
it is cheap, costing but lV2c per gallon at the refinery, but is too 
heavy for the best results and will not burn clean in the pots, 
leaving a heavy residue which is troublesome.. A  lighter oil would 
give better results.
M E T H O D S  O F  H A N D L IN G  T H E  O IL
This oil was purchased in a tank car of 6,500 gallons. Count­
ing freight and switching charges, its cost on a siding within four 
miles of the orchard was about 2i/2c per gallon. It was trans­
ferred from the car to the storage tanks at the orchard in a large 
600 gallon water tank and a common spray tank, about 600 
gallons being hauled each trip. In all, about 4,300 gallons Were 
hauled to the orchard at a cost of about $30.00, bringing the cost 
to about 3%e per gallon in the storage tanks.
The tank cars are fitted at the bottom with a valve which is
6
Bulletin, Vol. 11 [1911], No. 129, Art. 1
http://lib.dr.iastate.edu/bulletin/vol11/iss129/1
135
operated from the top of the car. With proper pipe connections 
it is an easy matter to transfer the oil by gravity to a wagon 
tank, providing the tank car be placed on a raised siding. These 
pipe connections will usually be furnished by the local oil com­
panies. An effort was made to siphon the oil from the car to the 
tank wagon with 2 inch gas pipe but it was found impossible to 
make the connections tight enough to prevent the air entering 
and thus! breaking the siphon pressure. A  siphon might be prac­
tical i f  rubber hose were used, but that method would not be as 
rapid as emptying the oil through the valve in the bottom of 
the car. By the latter method 100 gallons could be transferred 
from the car to the tank wagon in about four minutes. Where 
the oil can not be unloaded by gravity, it must be pumped, which 
is a slower method* and much more expensive.
F I L L IN G  T H E  H E A T E R S
The fire pots were filled from the sprayer tank, fitted at the 
drain with a “ T ”  made of 1V4 inch pipe. On each end of this 
* ‘ T ”  was fitted a 20 foot lead of 1 y4 inch hose. At the end of each 
lead o f hose a stop cock was fitted with an elbow to turn the oil 
downward into the pot. With this equipment where the ground 
was comparatively level about 100 pots of 3 gallon capacity could
Fig. 4. Filling the Distributing Tank. Note the stand pipe from which the oil is 
ning, also the nozzle, for filling the heaters, resting on the front wheel
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easily be filled per hour. Some trouble was experienced on hilly 
ground in getting the oil to run out of the tank rapidly. A  high 
tank wagon would greatly increase the rapidity of 
filling the pots by increasing the pressure.
In this experiment the filling of the pots unavoid­
ably came on Sunday and at night, thus making the 
expense greater than it otherwise would have been, 
as it wTas necessary to pay for double time. With 
the above equipment three men were necessary, one 
for each lead of hose, and one to drive the team. 
Estimating that the three men and team were worth 
70e an hour, it wmild cost very close to % c to fill 
each pot. The item could be greatly reduced by the 
use of a little better equipment. ’
L IG H T IN G  T H E  P O T S
The pots were lighted by the use of a gasoline 
can with valve fixture which 
made it possible to squirt a 
small amount of gasoline on 
top of the fuel oil. A  torch 
was made of a com  cob fast­
ened to a piece of wire and 
soaked in fuel oil: In high 
wind this torch was easily ex­
tinguished. It was then 
soaked in gasoline and when 
burning low could be re-light­
ed easily by squirting a little 
gasoline on it.
It required about 45 min­
utes for three men to light 
600 pots, but one man could 
easily light 300 pots per hour 
providing his torches and 
gasoline can worked well. 
Some trouble was experienced in drawing the covers of the pots, 
so that this required a little more time. I f  the pots have been 
used previously, there is apt to be a thick residue in the bottom 
which is very sticky and will not allow the cover of the Hamil­
ton heater to be drawn readily on account of the apron. If a 
lighter oil were used, this trouble would not be experienced.
Fig. S. Home Made Kerosene Torch and 
Patent Gasoline Can. The barrel o f the 
torch is made of' ¿4-inch gas pipe and J4- 
inch for the wick to project through.
W E A T H E R  C O N D I T I O N S  S P R I N G  O F  1911
The figures on page 137 are taken from the reports 
of the U. S. weather bureau station at Omaha, Neb., and give 
concisely the conditions under which the test was made.
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OMAHA, NEBRASKA, MARCH, 1911
Hate
March1
28
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
Max.
41
57
46
44 
60
46 
52
49
65 
59 
69
47 
55 
69 
38 
46 
46'
50
66 
73 
76 
55 
52 
63 
68 
61
45
36
51 
43
37
Temperature 
(Degrees Pah.)
Min.
20
27
30 
26
35
31
37
41
39 
43
40
32
32
38 
15 
21
29 
21 
34
42 
55 
34
30
36 
47 
24 
20
31
33
28 
31
Mean
30
42
38
35 
48 
38
44
45 
52 
51 
54
40 
44 
54 
26 
34 
38
36 50 
58 
66 
44
41 
50 • 
58
42 
32 
34 
42 
36 
34
Mean 53.7 32.3 43
Precipitation 
in inch 
and hun­
dredths 0 0. 0 0 0
.28 .10 
T 0 
T 0 
T 0 0 0 0 0 0 0 0 
. 09 0 0 0 0 
.23 0 
T 
T 
.53 
.06 
Total 
1.29
Snow on 
Char- ground 
acter at 7 p.in. 
of day inches 
Clear 0 
Clear 0 
Pt. Cloudy 0 
Pt. Cloudy 0 
Cloudy 0 
Cloudy 0 
Cloudy 0 
Cloudy 0 
Pt. Cloudy 0 
Cloudy 
Cloudy 
Clear 
Clear 
Clear 
Clear 
Clear
Pt. Cloudy 0 
Clear 
Clear.
Clear 
Cloudy 
Clear 
Clear 
Clear 
Pt. Cloudy 0 
Cloudy T 
Clear 0 
Cloudy 0 
Pt. Cloudy 0 
Pt. Cldy 1 .0  
Cloudy 1 .0
Tem perature
Highest 76°, date 1st. 
Lowest 15°, date 15th. 
Greatest daily range, 37°, 
date 26th.
Least daily range 5°, date 
28th.
Normal for this month 
23.7.
P re cipita tio n
Total this month 1.29 ; 
snowfall 6.
Greatest precipitation in 
24 hours .59, date 80 and 
31.
Snow on ground at end of 
month 1.
W eather
Number of days clear 14, 
partly cloudy 7; cloudy 10, 
on which .01 inch, or more, 
of precipitation occurred 6.
OMAHA, NEBRASKA, APRIL, 1911
Temperature 
Date (Degrees Pah.)
April Max. Min. Mean
1 37 26 32
2 54 33 44
3 37 32 34
4 35 33 34
5 60 34 47
6 40 30 35
7 52 32 42
8 48 32 40
9 57 30 44
10 64 46 55
11 68 46 57
12 72 43 5813 54 38 4614 58 34 46
15 63 38 50
16 74 41 5817 73 51 6218 63 50 5619 66 42 5420 67 46 5621 74 47 6022 63 45 5423 64 42 5324 64 - 43 5425 64 44 5426 63 49 5627 69 54 6228 76 55 6629 78 59 6830
31
64 40 52
Mean 60.7 41.2 51
precipitation
in inch Char- Sun-
and hun- acter shine
dredths of day per cent 
. 03 Cloudy 0
0 Pt. Cldy 66
T Cloudy 0
. 12 Cloudy C
.54 Cloudy 33
0 Clear 76
0. Pt. Cldv 72
0 Clear 100
0 Pt. Cldv 78
0 Pt. Cldv 26
.13 Pt. Cldy 40
. 01 Cloudy 22
0 Clear 83
0 Clear 100
0 . Clear 100
0 Clear 100
T Clear 72
.01 Cloudy 10
0 Pt. Cldy 62
0 Pt. Cldy 40
0 Clear 100
0 Pt. Cldy 35
0 Clear 85
0 Clear 81
0 Pt. Cldy 46
.38 Cloudy 16
T Pt. Cldy 50
. 65 Pt. Cldy 45
.07 Pt. Cldy 71
. 40 Cloudy 0
Total
2 .34
Tem perature
Highest 
date 1st.
78° ; lowest 26°,
Greatest 
date 16th.
daily range 33° ;
Least daily range oo .
date 4th.
N ormai for this month
50.5°.
Accumulated excess since 
January 1, 545°.
Daily average excess since 
January 1, 4.5°.
P r e c ipita tio n
Total for this month 2.34; 
snowfall 0.3.
Greatest precipitation iiw 
24 hours 0.72, date, 28th 
and 29th.
Normal for this month. 
3.01.
Deficiency of this month as 
compared with the normal 
0.67.
W in d
Prevailing direction east.
W eath er
Number of clear days 10, 
partly > cloudy 12, cloudy 8, 
on which .01 inch, or more, 
of precipitation occurred 10.
9
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The weather during March and April, 1911, was very 
close to the normal average as recorded by the weather bureau. 
The last killing frost occurred at Council Bluffs and vicinity 
May 1, when the apple buds were opening. While low tempera­
tures were recorded in western Iowa as follows: Clarinda 30°, 
Corning 30°i, Council Bluffs 28°, Larrabee 27°, Logan 27°, Pacific 
Junction 27 , Thurman 30°, practically no damage resulted, as 
was shown by the bountiful crop which was harvested in the fall. 
The following temperatures are given by the U. S. D. A.* as the 
minimum temperature which the apple buds can undergo without 
injury: In bud 27°, in blossom 29°, in setting fruit 30°, other 
times 25°.
The conditions under which buds are developed influence 
their hardiness.** The season of 1910 was very dry, with a rain­
fall of 18.46 inches, which was 12.2 inches-below the normal 
average. This left the soil very dry in the spring of 1911.
The weather records show that the blossom buds developed in 
a comparatively cool temperature, the mean temperature for April 
being 51°, with the minimum temperature very low to April 15. 
The mean minimum for the month was but 41.2°.
The rainfall in April was .84 of an inch up to April 26, and 
1.50 inches to April 30.
The buds were developed, then, in a dry soil, with cool nights 
and a comparatively low growing temperature and up to a few 
days preceding the frost in a comparatively dry atmosphere. 
Such conditions favor the development of firm texture in the bud 
and thereby evidently tend to increase its hardiness in resisting 
frost injury.
^ a e^r up its heat slowly and where water is present 
this tendency to hold its heat prevents as rapid a fall of tempera­
ture as would otherwise take place. Rain fell late in April, in­
cluding April 30, the day preceding the low temperatures. It is 
possible that moisture from these showers collected among the 
leaves and bud scales and by giving up its heat more slowly served 
as a protection to the blossom buds.
T H E  F I R S T  T E S T  O F  T H E  H E A T E R S
By referring to figure 7, which is the record made by a 
self-recording thermometer in the orchard, it ¡will be noted that 
the temperature was very high on Friday, Saturday, and Sunday 
before the freeze. On the afternoon of Sunday, April 30, the 
weather bureau sent out warnings that frost was liable to occur 
before mornmg. The temperature at the time was close to 60° 
and the maximum temperature for the day was 64°. The tem­
perature began falling rapidly about 5 P. M., and continued to
* Farmers’ Bui. 401:20.
defi,?i£he fo,llowi?S discussion is given as a record of 1911 conditions rather than as a 
definite explanation of the non-injurious effect of very low temperatures.
11
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Fig. 7. Self Recorded Temperature Chart made in Experiment Station Commercial 
Orchard. The temperatures were recorded from the Thursday preceding to 
the Tuesday following the freeze of May 1 and 2, 1911
fall steadily until 3 :30 A. M. On the night of April 30, at 11:12 
P. M., the wind reached its highest velocity' 36 miles per hour, 
blowing from the north. The highest velocity on May 1 was 39 
miles from the northwest between 7 :00 and 8 :00 A. M. Snow fell 
during the greater portion of the time from 2 A. M. until after 
sunrise. This made the heating work difficult. The pots were 
lighted about 3 :30 A. M., when the temperature was about 30.
The thermometers had been placed in the orchards as follows:
Thermometer No. 1. On an east slope at the north side of 
the orchard among the Hamilton pots at 90 per acre.
Thermometer No. 2. On an east slope pretty well to the 
south side of the heated area among the Hamilton pots, 60 per 
acre.
Thermometer No. 3. On a ridge with a slightly east slope 
pretty well to the south side of the heated area.
12
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thermometer No. 4. Under conditions similar to No. 3 ex­
cept that it was placed at the north side of the heated area among 
the Hamilton pots, 90 per acre.
Thermometers Nos. 5 and 6. On a southwest slope near the 
center of the heated area.
Thermometer Ao. 7. On a southwest slope in lower ground 
among Troutman heaters at 120 per acre.
Thermometer No. 8. On an east slope in low ground among 
lard pail heaters at 120 per acre.
Thermometer No. 9. Outside the heated area.
Ihe temperatures are given below for the two readings which 
were made at 4 :45 A. M. and 5 :45 A. M. respectively.
Number
1
2
3
4
5
6
7
8 
9
4 :4 5  A . M. 
31%° 
3 3 % °  
33%° 
3 1 % °  
3 3 % °  
3 3 % °  
3 1 % °  
3 1 % °
30 °
5 :4 5 'A . M. 
3 1 % °  
3 2 % °  
3 3 % °  
3 0 % °
, 3 0 % °  
3 2 % °
31 %;° 
3 1 % °
30 °
It will be noted that at 4:45 A. M. the average rise in tem­
perature was about 2y2°; while at 5:45 A. M. the average had 
dropped to about 1i/2°. g 1
, if if  caPacity of the Hamilton pots was not used
at tins time, because the temperature was constantly above the 
danger pointy it is doubtful whether or not the temperature could 
have been raised very materially with a 35 mile wind blowing, 
uven with the pot covers drawn very slightly most of the oil was 
consumed m the course of three or four hours’ burning. A few 
pots consumed but little oil, owing perhaps to protection from
burned out in an hour and a half. 
Considerable difficulty has been reported with the Hamilton pots 
blowing up, but no such trouble was noted in the above tests.
+ w  ad’ • f  pots were burned about three hours. At the end
bln at B  m0st. of the lard Pail and -Troutman heaters had 
oeen out for some time, although a few were still smoking The
b u r e S l i bume d I B  but a few M B  had
burning1 tb&n balf of tbe 0il they contained and were still
orcha? A ! S erienCTe ° f  April -30 would lead to the belief that 
hut wn ujatmg m Iowa 1S P°ssdde under very extreme conditions
and difflcnlt ’ ith TCiy stron«
I 1 B  m  temperature was materially raised in the heated 
area was shown by the fact that outside the heated area the
13
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ground and trees were thoroughly covered with snow, while in­
side the heated area, except where the snow blew in on the north 
side, the ground was bare, as were the trees also. This is shown 
by figures 9 and 10.
time p .n . r/ne, A.M.
Fig. 8. Range of Temperaturê in Heated Commercial Orchard during High Wind
14
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Fig. 9. Snow covered Ground Outside of Pleated Area During Test. The line of 
demarcation between the unheated and heated areas is clearly shown
Fig. 10. Ground Bare of Snow Within Heated Area During Test. A 36 'mile wind 
blew the snow into the north side of the heated area and yet 
the effect of the heating was marked
15
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T H E  S E C O N D  T E S T  O F  T H E  H E A T E R S
On the night of May 1 thermometers were plaeed in the fol­
lowing stations in the orchard:
Thermometer No. 1.— In the area with 60 Hamilton heaters 
per acre. This was on rather high ground and pretty well to the 
south side of the heated area.
Thermometer No. 2.— In the area with 90 Hamilton heaters 
per acre on the north side of the orchard. This was on rather 
high ground also.
Thermometer No. 3.— Among the Troutman heaters which 
were placed at the rate of 120 per acre. This ground was rather 
low and on a southwest slope.
Thermometer No. 4.—Among the lard pail heaters, dis­
tributed at the rate of 120 per acre. Thermometer No. 4 was in 
the lowest ground and on an east slope.
Thermometer No. 5.— Outside the heated area on the highest 
point in the orchard.
All of these thermometers were placed about 6 ft. above the 
soil on the southeast side of the tree., Readings are given below:
TEM PER ATU R E RECORD N IG H T  OF M A Y  1, 1911
Ther­
mom­
eter
Location 2 :30  
a, m.
3 :15  
a. m.
4 :0 0  
a m.
5 :00  
a. m.
No. 1 Hamilton Heaters 
90 per acre
2 9 % ° 3 1 % ° 3 1 % ° *3 6% *
No. 2 Hamilton Heaters 
60 per acre
2 9 % °
Heaters were
31i/2 ° 3 0 % ° 3 4 % °
No. 3 Troutman Heaters 
120 per acre
to 00 vCO lighted between 
2 :30  and 3 :15
3 2 % ° 3 2 % °
No. 4 Lard Pail Heaters 
120 per acre
2 8 % ° a. m. 341%° 32 0
No. 5 Outside Heated 
area
29 ° 28 ° 2 6 % ° 2 6 % °
By referring to the chart of temperatures on the night of 
May 1, it will be noted that the temperatures fell rather slowly, 
dropping 4 degrees from 11 P. M. to 2:30 A. M., or a little more 
than 1 degree per hour. When temperatures' are dropping at 
such a rate it is not necessary to fire up much before the danger 
point is reached.
The heaters were not lighted on this night until the tempera­
ture had reached the recorded danger point. This was somewhat 
hazardous, but close watch was kept and plenty of help was at
* At 4:00 a. m. the temperatures were falling outside the heated area, and to prevent 
a corresponding fall inside the heated area the covers of .the Hamilton heaters were 
drawn from 2J& inches where they had been burning to 4 or 5 inches with the result­
ing rise of temperature indicated. No more records were taken as the temperature 
soon began to rise outside the heated area and there was but little change in the ther­
mometer readings. ■ ■ .
16
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Fig. 11. Range of Temperature in Heated Commercial Orchard on a Still Night
hand to light the heaters quickly. Another reason for the de­
layed lighting was to test the possibility of raising the tempera­
ture after it had fallen to or below the danger point. It is better 
to hold the temperature at 30° or 32°, even on such a night, than 
to try to raise it.
The temperature records show that the Hamilton heaters, 
opened to about two or three inches, held the temperatures about 
1V2 degrees higher than outside the heated area, but when opened 
to 4 or 5 inches the temperatures were raised from 3y2 to 5V2 
degrees. The advantage of some device for keeping the burning 
surface as high late in the night as it is at the beginning of the 
heating period is shown by this record. The smaller pots were
17
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satisfactory on this night, as the frost period was short, but where 
the wind is blowing or the frost period is long the smaller heaters 
would have to be re-filled or a reserve supply provided.
The above recorded tests would indicate that when the air is 
still, from 5 to 10 degrees (of frost could be successfully fought 
for a few hours.
A  great difference was noted in the amount of oil consumed 
on the night of April 30, when a high wind was blowing, and on 
the night of May 1, which was comparatively still and clear. The 
first night from 2 to 3 gallons were consumed in practically all of 
the large pots, many of them burning dry in 2 to 3y2 hours. On 
the night of May 1 very little over 1 gallon was consumed in the 
same length of time. There seemed to be considerable difference 
in the amount of oil consumed in different pots. This variation 
was. probably due to differences in protection and to the fact that 
the covers were not carefully placed and that a better draft re­
sulted in some cases than in others.
HEATING THE SMALL HOME ORCHARD
The practicability of heating small orchards is; often ques­
tioned. It is comparatively much easier to heat a large area than 
a small one. But there are many home orchards, both on farms 
and on city lots, where oftentimes the fruit is more highly prized 
than it would be in a commercial orchard. Two experiments were 
planned to test the possibilities of heating these small areas.
The first was carried on in a small orchard belonging to D. L. 
Royer of Council Bluffs, located about 80 rods north of . the sta­
tion s experiment orchard. The trees stand on very nearlv level 
ground which is much higher than surrounding areas." The 
orchard lies some distance from a timbered tract, but as the test 
was made on a comparatively still night the effect of this timbered 
area would be slight. Fifty Hamilton heaters were distributed 
at 40 per acre in this orchard. The lighting was done somewhat 
later than m the larger orchard and less accurate records were 
obtained. S The readings were made at irregular intervals and the 
average rise in temperature was from 27 to 32 degrees.
| ,^4® doubtful if as favorable results could be secured on a 
windy night unless the orchard were well protected by a wind­
break and a larger amount of oil were consumed.
The second of these tests was in a block of trees in the or­
chard o f E H Graves, Ames, Iowa. The plof selected was on the 
east side of the orchard, and while some wind protection was 
afforded by: the trees to the north and west of the heated area, 
protection could not seriously affect the results obtained 
this test was made under the direction of J. H. Allison, foreman
18
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Fig. 12. Heating a Small Home Orchard with Fire Pots in Full Blaze
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for the horticultural department, while most of the work was done 
by horticultural students.
One hundred Hamilton heaters were distributed at the rate 
of 75 per acre, or one to each tree, making the heated area about 
one and one-fourth acres in extent. A  double row of heaters was 
placed on the north side of the block. The pots were filled with 
buckets from oil barrels, it being necessary to purchase oil in 
barrels where small amounts are used. A  cheap grade of illumi­
nating oil may often be purchased of the local oil company. Fuel 
oil in barrels costs about 6 cents per gallon.
Sunday afternoon, April 30, word of an approaching cold 
wave was received at Ames. The horticultural students wrere at
once notified, and at 6:30 P. M., after a very hard shower, they 
drove out to the orchard. The temperature at 7 :30 P. M., was 
57°, with a hard driving rain from the northeast. Hard showers 
of rain continued at intervals throughout the night, turning to 
snow about 5 :30 A. M., Monday. The temperature reached only 
32° and no heaters were lighted.
On Monday evening, May 1, temperature readings were taken 
each hour, which ranged as follows:
7:30 P. M. 37°
8:00 P. M. 35°
9 :00 P. M. 34°
10:00 P. M. 32°
11:00 P. M. 31°+
12:00 P. M. 31°
1:00 A. M. 31°
2:00 A. M. 31°
3:00 A. M. 29°
H E A T E R S  R A I S E  O R C H A R D  T E M P E R A T U R E
At 3 :15 A. M. the pots were all lighted with the covers drawn 
6 or 8 inches. At 4 :00 A. M. the temperature outside the heated 
area was still at 29°, while that inside was 35°. At this time all 
the pots, excepting the two west and the two north rows, were 
closed to 2 and 3 inches. At 4:30 A. M. the temperature outside 
the heated area still remained at 29°, while that inside the heated 
area had dropped from 35° to 32°, where it remained about uni­
form until 5 :30 A. M. The temperature outside the heated area, 
however, raised 1° and stood at 30° at 5 :00 A. M. In less than 
half an hour it was down 'to 29° again, while the temperature 
inside the heated area remained at 32°. At 5 :30 A. M. the sun 
was just above the horizon.
To find the effect of opening and closing the covers of the 
Hamilton heaters, the covers were drawn about half open at 5 :30 
A. M., and in fifteen minutes the temperature inside the heated 
area raised from 32° to 37°. The covers were then closed to 2
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inches, and in another fifteen minutes the temperature dropped to 
32° again.
The pots were not all full of oil to start with, but in burning 
from about 3 :15 A. M. to 5 :30 A. M., many of those on the north 
and west sides, where they were open 6 to 8 inches, burned dry. 
For some cause, probably due to water in the oil, several heaters 
exploded when burned nearly dry.%
77 me /?/*7 AM.
» UH HE 7f EEÛ AREA
Fig. 13. Range of Temperature in Heated Home Orchard
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It will be noted that by using 75 heaters per acre the tem­
perature was raised from 3° to 8°, according to the amount of the 
burning surface of the heaters used.
While no accurate record of the amount of oil consumed was 
kept, yet with the heater covers drawn 2 or 3 inches the tempera- I 
ture was raised 3°. With this burning surface, each pot would 
consume about one quart per hour, or a total of 18% gallons per 
acre per hour. This would mean a cost of approximately $1.15 
per acre per hour to hold the temperature against 3° of frost. 
The heaters used in this experiment are sold at $45 per hundred, 
and will last a number of years.
After the first year’s cost of installation, the cost of protect- I 
ing the home orchard will amount to between $1 and $2 per acre 
per hour. No estimate of the cost of labor or of oil storage is 
given, as the owners of small tracts can easily handle the equip­
ment without extra labor. The oil will come in barrels and can I 
be distributed from these, so that no storage is necessary.
Where the fruit is highly prized, this expense will not be I 
prohibitive, and under ordinary conditions the fruit can be saved I 
on small areas. Windbreaks will be found especially valuable in 
protecting small areas during high winds. I
EXPERIENCES OF IOWA GROWERS
Several Iowa orchardists used heaters during the spring of 
1911. They were asked to fill out blanks, giving the results of 
their work, and the following notes are taken from the reports 
of each.
G. H. Deur, Missouri Valley, Ioiva: Mr. Deur heated 5 
acres of orchard 13 year old trees. The trees were 24 ft. apart 
and of fairly good size. He used 70 three gallon Hamilton heaters 
per acre, placing 1 to each tree, .and about 12 ft. from the tree. 
The orchard is on a north slope and is somewhat higher than the 
valleys nearby, but there are a number of higher hills surround­
ing the orchard. Mr. Deur fired his heaters at a temperature of 
38°, lighting his heaters by using a wick of dry grass and a torch 
made of a ball of twine soaked in oil. The temperature outside 
the heated area dropped to 28°, and the lowest temperature inside 
was 32 and the highest 38°. The average rise of temperature 
was 6°. This heating was done on the night of May I , when there 
was practically no wind and the sky was clear. Mr. Deur kept 
his fires going from 9 P. M. until 6 A. M., and estimates that he 
used about 200 gallons of oil per acre. It would appear from 
this statement that the Hamilton heaters consumed three gallons 
of oil per heater in nine hours, but Mr. Deur does not state what
P
f
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burning surface he used. His oil was the 40 gravity distillate 
put out by the Standard Oil Company. The blossoms were just 
beginning to open May 1, and there was apparently no injury 
May 20, when he sent in his report.
Mr. Deur states that he considers orchard heating practicable 
under Iowa conditions, and that he will increase his equipment 
for the season of 1912. He would recommend that 75 to 80 
heaters per acre be used rather than a smaller number. He also 
states that, had the freeze come one week later, he is quite certain 
that he would have had a small crop of apples, outside of the 
firing zone. He gives the cost of his heaters as 35 cents each 
F. 0. B. Missouri Valley ;■ the cost of oil 4 cents per gallon, in the 
orchard. He does not give the cost of his storage tank or labor. 
From the above it is estimated that 200 gallons of oil per acre 
would cost $8.00. This is rather high cost per acre, but it would 
hardly be necessary to fire up at 38°, and in all probability the 
time of heating could be cut down more than half.
G. O. Garrett, Mitchellville, Iowa: Mr. Garrett heated 15 
acres of trees from 6 to 25 years of age and set at varying dis­
tances. The heaters were used among plums, cherries and apples. 
His orchard is on comparatively level ground, though it is higher 
than the surrounding country. He used 80 to 100 Hamilton 
“ Competition”  and Troutman heaters per acre. This would 
place them at from 21 ft. to 23 ft. apart each way. Mr. Garrett 
fired his pots at 31°, using gasoline oil can and a corn-cob soaked 
in kerosene. The lowest temperature outside of the heated area 
was 31°, while the lowest temperature inside the heated area was 
36°. The average rise in temperature was 6°, with a wind 
velocity estimated at 10 miles per hour on a clear night. The 
heaters burned four hours, and consumed 160 quarts of oil, which 
was the Rayo orchard heating oil put out by the Standard Oil 
Company. There was no injury apparent, possibly due to the fact 
that the blossoms were only beginning to show pink. Mr. Garrett 
states that he believes the heaters will come more and more into 
use as people become familiar with them, as it seems to be an 
easy matter to heat an orchard under ordinary conditions. He 
recommends 100 8-quart heaters per acre. The cost of his equip­
ment was as follow s: Heaters, $150.00, which would mean $10.00 
per acre; oil, in carload lot, 1.4c per gallon. (In all probability 
freight is not included.) No statement is given as to the cost of 
storage tank and labor, as Mr. Garrett did most of the work him­
self and kept no track of time.
Mr. Garrett makes the following observation: ‘ ‘ The apple
buds were not out far enough to be injured by such a moderate 
temperature. Plum and cherry and pear were in full bloom and 
while I do not think there was any injury, it demonstrated to my
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own satisfaction that the heaters will do the work under ordinary 
conditions as I only used one half of the number of pots in the 
orchard and raised the temperature 5 to 6 degrees. My trouble 
was from leaking pots which I could not use and lost quite a 
quantity of oil, this owing to faulty construction.”
A. A. Simons, Hamburg, Iowa: Mr. Simons heated 15 acres 
of trees from 16 to 20 years of age, and set 28 feet apart each way. 
The orchard is located on all slopes, and some of it on level 
ground, averaging somewhat lower than the surrounding country. 
The heaters were placed about 60 per acre, and 28 ft. apart each 
way, one pot about 12 ft. from each tree. Mr. Simons started 
firing at 32° on the night of April 30, when a high wind was 
blowing, Using a gasoline can and torch, which is not described. 
On the night of May 1, when it was comparatively clear and still, 
he fired at 30°. The lowest temperature inside was 34°, and the 
highest 36°, an average rise in temperature of from 6° to 8°. On 
the nights of April 30 'and May 1 the heaters were burned for 
about eight hours, and consumed about 150 gallons per acre. 
From Mr. Simons ’ estimate it appears that the Hamilton heaters 
burned dry in the. eight hours’ firing, but on account of the 
heavy wind which blew on the night of April 30 it is not sur­
prising that this amount of oil was consumed. The oil used was 
of 31 gravity, purchased from the Standard Oil Company. The 
blossoms were just ready to burst, and no apparent injury was 
noted at the time the report was made. The cost of equipment is 
given as follows: Heaters, $360.00; oil, 1.4c per gallon, F. O. B. 
the refinery, no statement being given as to freight cost. The 
storage tank used by Mr. Simons is described elsewhere and holds 
10,000 gallons, costing about $125.00. Mr. Simons states that he 
believes orchard heating is practicable under Iowa conditions, and 
will place more pots per acre next year. In order to be prepared 
for high winds, he recommends 60 to 75 heaters per acre, using 
the reservoir type.
S. K. White and W. S. Keeline, Council Bluffs, Iowa: About 
8 acres of trees from 18 to 20 years old were heated, the trees 
averaging about 20 feet apart. This orchard is high as compared 
with the surrounding country and on an east slope. About 80 
lard pail and Troutman 6-quart heaters were used per acre, placed 
about 8 feet from each tree in the alleys. The fires were lighted 
at 33° by the use of a gasoline can and torch made from a piece 
of corn-cob and heavy wire. The lowest temperature outside of 
the heated area was 28°, while the lowest inside the heated area 
was 30%°, with an average rise of from 3° to 4°. The night was 
clear, with an estimated wind velocity of four miles per hour. 
During eight hours of heating, it was estimated that 240 gallons 
of oil per acre was consumed. This would mean that the heaters
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were re-filled twice during the night. Mr. White wrote that 
owing to the small capacity of the heaters, the work was very 
difficult and required more men than was practicable and that it 
would he much better to provide a larger capacity pot. The oil 
used was the same as that used at the station experiment orchard 
at Council Bluffs, having been purchased from the Standard Oil 
Company, Kansas City, Mo. The blossoms were about two-thirds 
out at the time of the1 frost, and Mr. White states that he believes 
the June drop was not quite so heavy in the heated area, espe­
cially on Ben Davis.
Mr. White gives the cost of his heaters as $105.00; oil, $55.00; 
and storage $26.00, he having used ordinary oil barrels to store 
the oil in. He estimates his labor at 15 days for one man and 1 
team 4 days. He recommends 100 heaters per acre, and states: 
“ I believe heating practicable in Iowa if larger reservoir heaters 
are used. High winds make it difficult to protect the tree tops. ’ \
Mr. White drew the oil from the tank car into barrels by 
means of pipe connections at the tank car and a long lead of D/i 
inch hose. These barrels were then rolled on to a flat wagon and 
hauled to the orchard. This method was found as cheap as haul­
ing in a tank wagon and then transferring the oil to barrels or 
storage tank. There is one difficulty in the use of barrels in that 
any oil left over will not keep as well as when stored in steel or 
cement tanks.
F. P. Spencer, Randolph, Iowa: Mr. Spencer heated about 
15 acres of trees 18 years of age. The trees stand 33 ft. apart 
each way. He placed 4 heaters per tree, but used only about 50 
heaters per acre, these being placed about 30 ft. apart. The or­
chard stands on a northeast and northwest slope, but is high as 
compared with the surrounding country. He fired his heaters at' 
32°, using gasoline with a torch made from a corn cob. The 
lowest temperature outside the heated area was 28°, while that 
inside the heated area was 32° to 36°, an average rise of from 4° 
to 5°. The night was clear, with practically no wind. The heaters 
were burned for five hours, consuming estimated 65 gallons of 
oil per acre. This was the common fuel oil put out by the Stan­
dard Oil Company. The blossoms were about 10 per cent open 
and no injury resulted so far as was apparent.
He estimates the cost of his equipment as follows: 50 heaters 
per acre, $10.00; oil, 3%c per gallon delivered in the pots. No 
statement of labor or storage capacity is given. Mr. Spencer 
used a steel tank for storage. Mr. Spencer states “ most emphati­
cally”  that he does not think that orchard heating can be success­
fully practiced with high winds.
C. E. Mincer, Hamburg, Iowa: Mr. Mincer heated 16 acres 
of trees 14 to 20 years of age, the trees standing 20 to 35 ft. apart.
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This orchard is on a west slope extending down to level ground 
which is located just at the foothills on the east side of the Mis­
souri river valley. Eighty heaters per acre were used and set 
from 20 to 30 ft. apart each way, placing them between the trees 
in the tree row. He fired up at 28°, and reports that the lowest 
temperature outside the heated area was 25°, while inside the 
heated area the lowest was 27° and the highest 34°. The average 
rise in temperature was 6°. He reports that he fired on both 
April 30 and May 1, heating five hours on the night of April 30, 
which was windy, and 12 hours on the night of May 1, which was 
clear and still. He estimates that he used 80 gallons of oil every 
four hours, meaning that each pot burned one quart per hour. 
He states that the trees were in full bloom and that a difference 
in favor of the heated area was noted in the amount of drop. 
His estimate of cost is : For heaters 22 % c each; no statement 
for the cost of oil or storage tank is given; his labor cost him 
$30.00 this year. Mr. Mincer has a 16,000 gallon storage cistern, 
which was built in the spring of 1910. No statement is given as to 
the cost of this cistern. He states that orchard heating is very 
practicable under Iowa conditions and that part of the crop will 
be saved even with high winds. He recommends 100 heaters 
per acre.
GENERAL INFORMATION
Under Iowa conditions and in view of the available data at 
hand, it is best to use more heaters per acre than have been 
recommended in the west. It has been said that the temperature 
could be kept above the danger point, with as many or fewer 
heaters than are now used in the west, but owing to the fact that 
Iowa orchards are widely separated, so that heat from one. will 
not help others, and that Iowa has cold waves accompanied by 
high winds, more heaters per acre should be provided.
Of the smaller heaters, it will be necessary to use from 80 to 
120 per acre; probably 100 is a good average number to use. Of 
the larger pots, 60 to 80 per acre should be used. It should be 
remembered that the smaller fires scattered over the orchards are 
much better than a few large fires. In using the large heaters it 
is not wise to reduce the number too low, even though the burn­
ing surface can be made much larger than on the smaller heaters. 
Moreover, in using a large number of the larger heaters, the 
amount of the flame per heater can be reduced, thus giving 
greater reservoir capacity and long continued fire.
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Fig. 14. The Three Kinds of Orchard Heaters Used in Tests
voir for the storing of oil for longer periods of firing. It is al­
most impossible, and at least impracticable, to try to re-fill the 
pots during the night. If the re-filling equipment is not working 
well, great loss is apt to result, A  gallon of oil will burn only 
about four hours, and as Iowa frost periods are apt to be much 
longer than this, greater capacity is needed. Even though some 
heaters may bum a gallon of oil for a longer period than-four 
hours, there must be a loss of heat, as it requires a certain amount 
of burning oil to raise the temperature a given amount. If a 
larger number of the smaller heaters are provided so that a part 
can he fired in the early part of the night and the remainder at 
successive periods, they will give as good satisfaction as the larger 
heaters. With most heaters there is less heat given off as the oil 
burns low in the pot, and a reserve supply of heaters should be 
on hand to take care of this deficiency. In addition the tempera­
ture is usually lower just before sunrise than at any other period
T H E  T Y P E  O F  H E A T E R  T O  U S E
The type of heater to be used must he determined by each 
grower for himself. In a general way, it may be said that the 
larger heaters will give best satisfaction as they furnish a reser-
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and the burning surface of the oil should be greater at this time 
than earlier.
Prices may be secured from the following firms:
Bowman & Beecraft, Palisades, Colo.
Frank Bjiehring, Grand Junction, Colo.
Cartwright &  Archer, Delta, Colo.
Cedarborg Engineering Co., 808 20th St., Denver, Colo.
Colorado Fruit & Commercial Co., Grand Junction, Colo.
Frost Prevention Co., San Francisco, California.
Hamilton Reservoir Orchard Heater Co., Grand Junction, Colo.
Haswell, W . S., 1631 Emerson St., Denver, Colo.
Ideal Orchard Heater Co., Grand Junction, Colo.
National Orchard Heater Co., Grand Junction, Colo.
Orchard Supply Co., 410 N . Main St., St. Louis, Mo.
Palisade Orchard Heater Co., Palisade, Colo.
Richardson Frost Prevention Co., 8th and Hickory, Kansas City, Mo.
Round Crest Orchard Heater Co., Canon City, Colo.
Steel, John, Range Building, Omaha, Nebr., (Rapid Lighter).
Underwood,. W . H ., Hutchinson, Kansas.
Ward, A . D., Clifton, Colo.
S T O R I N G  T H E  O IL
For storing oil, a cement cistern lined with asphaltum gives 
the best results. This is especially true if  the cistern is located 
on a slope so that the oil may be handled by gravity from the tank 
wagon to the cistern and from the cistern into the distributing 
wagon. These oils are very difficult to handle by dipping or 
pumping methods. However, the rotary pumps have given gen­
eral satisfaction when the lighter oils have been used.
The cistern walls should be 6 to 8 inches thick to give the 
best results. The floor need not be so heavy, probably 4 inches 
thick being sufficient. The cement used should be composed of 
about 1 part cement to 2 or 3 parts of sand. I f crushed rock can 
be used in mixing the concrete, one part of cement, 2 to 3 part« 
of sand, and 4 or 5 parts of crushed rock will give good results. 
These walls should then be finished with cement plaster, thus 
giving a smoother surface. The whole inside should be painted 
with two or three coats of asphaltum paint. Paraffine has not 
given thorough satisfaction among some of the middle western 
growers. The roof of the cistern can be made of a. reinforced 
cement slab. This slab will vary in thickness according to the 
width of the cistern; but if it is not over 8 ft. wide a well rein­
forced slab 5 inches in thickness should be sufficient. Any local 
cement company can give definite instructions in regard to details.
A._A. Simons, of Hamburg, built a cement cistern 20 ft. long,
7 ft. wide, and 10 ft. deep, with 8 inch walls, 4 inch floor and a 
roof made of Hy Rib reinforcing,”  plastered inside and out 
with concrete. The total cost of this cistern, including excava­
tion, was about $125.00. (To prevent cracking, a cross wall might 
well be used.) Such a cistern would hold approximately 10,000
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gallons. This storage capacity would be ample for an orchard of 
20 acres, and in most seasons would supply even a larger orchard 
than this.
0. E. Mincer, of Hamburg, describes his cistern as follows:
“ The cistern is rectangular in shape with rounded comers 
and bottom sloped to one 'comer where the outlet pipe is. The 
side walls were constructed first 8 inches thick and reinforced all 
around with hog wire, a section of wall the height of the hog wire 
being put up at a time. These sections were not allowed to dry 
before the upper section was put on as we worked day and night 
until this was completed.
“ Side walls being completed, we laid hog wire on floor and 
spread about three inches of slush concrete on this wire. Walls 
and floor and top were all constructed of slush concrete, 1 part 
cement to 3 parts sand.
“ Before the floor was set we laid boards on it and removed 
the wall forms, pointed up all defects, and gave it a coat of slush 
with brash, half cement and half sand. Top was covered with 
canvas and several oil stoves lighted and in ten hours another, 
coat was given of cement slush and sand. In six hours more a 
thorough coat of asphaltum paint was placed on walls and floor, 
followed by two more coats in twelve hours.
“ A  2y2 inch pipe was used to carry it away from cistern. It 
was now filled to the top with fuel oil and covered with canvas 
in which shape it remained for two months. ‘ ‘ Hy-rib ’ ’— a metal 
lath furnished by the Trus Con Steel Co., Detroit, Mich., was 
bent to arch and laid over the top of the cistern. A  very light 
coat must be first applied and allowed to set thoroughly and later 
any thickness desired may be added. A  manhole was constructed 
in top of cover allowing entering.
“ A  gauge left in the tank has shown no leakage since it was 
constructed.
“ I would suggest that more time should be taken in making 
such a cistern than we took.”
F U E L  O IL
A t present the* smudge oil put out by the various oil com­
panies seems to be the cheapest for Iowa conditions. The com­
panies adjacent to Iowa that handle oil for orchard heating are:
Paragon Refining Co., Des Moines, Iowa.
Caney Refining Co., Caney, Kansas.
Kansas City Oil Co., Kansas City, Kansas.
Standard Oil Co., Des Moines, Iowa.
Kansas Oil Refining Co., Chanute, Kansas.
These companies represent the refineries closest to Iowa 
points so far as the station correspondence shows. In securing 
prices, it is well to secure them F. 0. B. receiving station, as this
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will avoid looking up freight rates. Most companies will quote 
F. 0. B. refinery, however, unless otherwise requested. *
Oil can be purchased in tank car lots from iy 2c to 3c per 
gallon. In barrels it will cost 4% c to 6c per gallon. The amount 
of oil necessary will depend upon the number of frosty nights 
and length of time that heating will be necessary. This will be 
hard to forecast, and sufficient oil should be provided to last 
through more than the ordinary number of frosty nights. Most 
seasons from one to three frosty nights are encountered. The 
frosty period usually occurs late in the night, after midnight, and 
lasts until sunrise. From three to five hours will usually cover 
this period. However, certain nights may occur when it will be 
necessary to keep the fires going from eight to ten hours, and 
others when perhaps only an hour’s heating will be necessary. 
From three to six gallons of oil per heater should be provided If 
there is good storage, this oil will keep from year to year, so that 
what is not used may be kept over for the next season. The 
grower is much better prepared for emergency if the larger 
amount of oil is on hand. Oil is too cheap to allow shortage of 
supply to occur.
D I S T R I B U T I N G  T H E  O IL
In the distribution of the oil, wagons holding 300 to 400 
gallons will be the best size. These should be sufficiently high so 
that good pressure can be obtained at the end of the hose used 
for filling the pots. The hose and fittings as described in the fore 
part of this bulletin will give good satisfaction. A  wagon for 
this purpose can be secured at from $15.00 to $20.00. I f  10 acres 
or more are to be protected, it will be well to provide two wagons; 
and as these can be used in transporting the oil from the tank car 
they will be found almost indispensable. It is very important 
that these wagons be perfectly tight and that pipe connections be 
tight, with good solid valves. Handling the oil is a dirty job at 
best, and unless all leakages are prevented, it becomes doubly 
disagreeable.
T H E R M O M E T E R S
Accurate thermometers should be provided. At least one 
high grade tested thermometer should be available to test less ex­
pensive ones by. Faulty instruments are sure to cause loss, as 
firing may be begun too late and injury to buds result, or if  the 
heaters are lighted before the danger point is reached fuel is lost 
which may be needed at a critical time before sunrise.
An electric alarm thermometer can be secured for about 
$20, which will ring an alarm when the danger point at which it 
is set is reached. This will save considerable loss o f sleep, which 
is valuable if several frosty nights are experienced and when the 
spraying season demands attention.
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It will be well to place the thermometer by which the fires 
are to be lighted in the lowest part of the orchard. Cool air 
settles in low places, and these are often much cooler than the 
higher points.
W H E N  T O  L IG H T  H E A T E R S
The temperature at which the fires shall be lighted will de­
pend upon the predicted temperature for the night and the 
rapidity with which the temperature falls. If a very cold period 
is expected or if the temperature is falling rapidly, the fires 
should be lighted when the temperature is several degrees above 
the danger point, probably 33°. I f but little frost is expected or 
if the temperatures are falling slowly, the heaters need not be 
lighted until the temperature very nearly reaches the danger 
point, 29° or 30°.
Heaters were fired at 30° in the work last spring because the 
temperature was falling rapidly, and yet the temperature did not 
go lower. This fuel was lost, and yet had the1 temperature con­
tinued to fall it would have been difficult to have kept the tem­
perature above the danger point.
E S T I M A T E D  C O S T  FO R  T E N  A C R E  O R C H A R D
Any estimate on the cost of heating an orchard must be ap­
proximate because of the variable factors which enter. Equip­
ment, cost of fuel, distance from railroad siding, and length of 
firing period, vary in different localities and seasons. The fol­
lowing estimate for a 10 acre orchard is submitted as a guide only. 
Sixty-five or more large heaters of 2 gallons or greater capacity 
are recommended.
650 heaters at 30e to 50e each..................... $195.00 to $325.00
3000 to 6000 gallons of oil at 3 e . ..........................................  90 .00  to 180.00
One steel wagon tank...................................................................... 15 .00  to 25.00
Lighters torches, etc.......................................    6 .00  to 10.00
Thermometers.......................................................................................  6 .00  to 8 .00
Storage for oil at 75e per barrel..............................   63 .30  to 126.00
Total $375.30 to $674.60
If smaller heaters are used, more will be required and thus 
the cost will vary but little. Labor items are omitted. At firing 
time two men ought to handle the ten acres at a cost of $5.00 to 
$6.00. This equipment will last for several years and after the 
first year, labor and fuel will be the only expense and should not 
exceed $10.00 to $20.00 per acre annually. I f  the crop is well 
cared for it is worth from $100.00 to $400.00 per acre and such a 
siqall cost is good insurance. Such insurance is not recommended 
for the man who does not make his orchard produce maximum 
crops.
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WEATHER FORECASTS
The orchardist should provide himself with such information 
and equipment as will enable him to know when to expect frost
and freezing temperatures. 
The TJ. S. weather bureau 
sends out daily forecasts for 
the succeeding 24 hours. At 
a very low cost these can be 
secured from the nearest sta­
tion by telephone or tele­
graph. If a weather map is 
available it will help to make 
the predictions more valua­
ble. The orchardist should 
supplement the forecasts sent 
out by the weather bureau by 
his own observations. Local 
conditions influence the tem­
perature and humidity to a 
large extent. The sling psy- 
chrometer is used for meas­
uring the dew-point or the 
temperature at which dew 
will form. There is a close 
relationship between the dew 
point and 'the minimum tem­
perature of the night provid­
ing the observations are made 
late in the evening and the 
sky remains clear with but 
little wind. The following 
description of the sling rpsy- 
chrometer is taken from U. 
S. weather bureau publica­
tion, W. B. No. 235:
“ Measurement of atmos
Fig. 15. One, Form of Psychrometer. /rihpv/ip VYifW f^AlYP T h p  n ililT lt- This instrument has proved of much value P n e n c  mO'ISZUre. m e  q u a n i
in predicting frosts. ity off moisture mixed with
the air under different condi­
tions of temperature and degree of saturation may be measured 
in several distinctly different ways. Many of these, however, are 
not practical methods for daily observations, or are not sufficient 
ly accurate. Probably the most convenient of all methods and the 
one most generally employed is to observe the temperature of 
evaporation—that is, the difference between the temperatures 
indicated by wet and dry bulb thermometers. The most reliable 
instrument for this purpose is the sling, or whirled psychrome­
ter. In special cases rotary fans, or other means, may be em-
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ployed to move the air rapidly over the thermometer bulbs. In 
any case satisfactory results can not be obtained from obser­
vations in relatively stagnant air. A  strong ventilation is ab­
solutely necessary to accuracy.
“ Sling Psychrometer.— This instrument consists of a pair of 
thermometers, provided with a handle, which permits the ther­
mometers to be whirled rapidly, the bulbs being thereby strongly 
affected by the temperature and the moisture in the air. The 
bulb of the lower of the two thermometers is covered with thin 
muslin, which is wet at the time an observation is made.
“ The Wet Bulb.— It is important that the muslin covering 
for the wet bulb be kept in good condition. The ¡evaporation of 
the water from the muslin always leaves in its meshes a small 
quantity of solid material, which sooner or later somewhat stif­
fens the muslin so that it does not readily become wet after being 
dipped in water. On this account it is desirable to use as pure 
water as possible, and also to renew the muslin from time to time. 
New muslin should always be washed to remove sizing, etc., before 
being used. A  small rectangular piece wide enough to go about 
one and one-third times around the bulb, and long enough to cover 
the bulb and that part of the stem below the metal back, is cut 
out, thoroughly wetted in clean water, and neatly fitted around 
the thermometer. It is tied first around the bulb at the top, us­
ing a moderately strong thread. A  loop of thread to form a knot 
is next placed around the bottom of the bulb, just where it be­
gins to round off. As this knot is drawn tighter and tighter the 
thread slips off the rounded end of the bulb and neatly stretches 
the muslin covering with it, at the same time securing the latter 
to the bottom.
“ To Make an Observation.— The so-called wet bulb is thor­
oughly saturated with water by dipping it into a small cup or 
wide-mouthed bottle. The thermometers are then whirled rapid­
ly for fifteen or twenty seconds; stopped and quickly read, the wet 
bulb first. This reading is kept in mind, the psychrometer im­
mediately whirled again and a second reading taken. This is 
repeated three or four times, or more, if necessary, until at least 
two successive readings of the wet bulb are found to agree very 
closely, thereby showing that it has reached its lowest temperature. 
A minute or more is generally required to secure the correct tem­
perature. These readings are then referred to what are known 
as Psychrometric tables from which the temperature at which dew 
or frost will form may be found.”
Psychrometric readings should be made late in the evening 
and the dew-point will be approximately the lowest temperature 
of the following night. Practice in making these readings and 
records o f the predicted dew-point and lowest temperatures oc­
curring for several nights previous to the frosty time will famil­
iarize the observer with the use of the instrument.
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The following is a reprint of the psychrometric table when 
the air pressure is 29 inches, which is close enough to our condi­
tions for practical purposes:
TABLE FOR DETERMINING THE TEMPERATURE OF DEW-POINT IN 
DEGREES F.
Air- Dew-point when the difference between the wet-bulb and dry-bulb
tempera­
ture 1° 2° 3° 4° 5° 6° 7°
temperatures 
8° 9° 10°
is
11° 12° 13° 14° 15°
°F. °F.. °F. °F. °F. °F. of; °F. °F. o-qi °F. °F. °F. °F. °F. °F.
35 33 30 ’ 28 25 22 18 14 8 Ì ’ -8 -2 8
36 34 31 29 26 23 20 15 11 4 -4 -1 9
37 35 32 30. 27 24 21 17 13 7 -1 -12 -4 4
38 36 33 31 28 26 23 19 14 9 3 -7 -2 5
39 37 34 32 29 27 24 21 16 12 6 -3 -1 6
40 38 35 33 31 28 25 22 18 14 8 1 -1 0 -3 5
41 39 37 34 32 29 26 23 20 16 11 4 -5 -21
42 40 38 35 33 30 28 25 21 17 13 7 -1 -13 -59
43 41 39 36 ' 34 31 29 26 23 19 15 10 3 -7 -28
44 42 40 38 35 32 30 27 24 21 17 12 6 —2 -1 7
45 43 41 39 36 34 31 29 26 22 19 14 8 2 -9 -37
46 44 42 40 37 35 32 30 27 24 20 16 11 5 -4 -2 0
47 45 43 41 39 36 34 31 28 25 22 18 13 8 0 -12
48 46 44 42 40 37 35 32 30 27 23 20 15 10 4 -6
49 47 45 43 41 39 36 34 31 28 25 21 17 13 7 -2
50 48 46 44 42 40 37 35 32 29 27 23 19 15 9 2
51 49 47 45 43 41. 39 36 34 31 28 25 21 17 12 6
52 50 48 46 44 42 40 37 35 32 29 26 23 19 14 9
53 51 49 47 45 43 41 39 36 34 31 28 24 21 16 11
54 52 50 49 47 44 42 40 38 35 32 29 26 ' 23 19 14
55 53 52 50 48 46 43 41 89 •36 34 31 ,28 24 21 16
56 54 53 51 49 47 45 43 40 38 35 32 29 26 23 19
57 55 54 52 50 48 46 44 42 39 36 34 31 28 24 21
58 56 55 53 51 49 47 45 43 40 38 35 32 29 26 22
59 ■57 56 54 52 50 48 46 44 42 39 37 34 31 28 24
60 58 57 55 53 51 49 47 45 43 41 38 35 32 29 26
61 59 58 56 54 52 51 49 46 44 42 39 37 34 31 28
62 60 59 57 55 54 52 50 48 46 43 41 38 35 32 30
63 61 60 58 56 55 53 51 49 47 45 42 40 37 34 31
64 62 61 59 58 56 54 52 50 48 46 44 41 38 36 33
65 63 62 60 59 57 55 53 51 49 47 45 . 43 40 37 34
66 64 63 61 60 58 56 54 53 51 48 46 44 42 39 36
67 65 64 62 61 59 57 56 54 52 50 48 45 43 40 38
68 67 65 63 62 60 58 57 55 53 51 49 47 44 42 39
69 68 66 64 63 61 60 58 56 54 52 50 48 46 43 41
70 69 67 66 64 62 61 59 57 55 53 51 49 47 45 42
T H E  F R O S T  P E R IO D  IN IOWA
While the last killing frost is known for many years past 
among the different stations in Iowa, it is impossible to secure 
records of the blooming time for the apple over a greater period 
of time than from 1898 to 1911.
The following chart shows in a graphic way the date of the 
last killing frost at Ames and the date of blooming for the apple 
at Ames. The perpendicular lines represent the total yield of 
apples for the state in barrels. During the period from .1898 to 
1904 the average annual production was very high; and it will be 
noted that the latest killing frost in the spring came some time 
before the blooming period so that the bloom did not suffer from 
frost injury. It is hard to determine the cause for the low yield 
in 1905 when the last killing frost occurred ten days previous to 
the blooming period, but this chart represents only a few locali­
ties and it is possible that the more important fruit districts 
were frosted during this season. From 1905 to 1910 the last
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A P P L E .  P R O O o c n o n  / /v  BBL.S. ■ ■ ■
l a s t  k i l l i n g  f r o s t . _______  /3 l o o m i n g  P e r i o d , _
Fig. 16. Chart ¡Showing Time of Last Killing Frosts and the Blooming Periods at 
Ames, 1898 to 1911, and the apple production for the same period
killing frost came after the trees were in bloom, with the excep­
tion of 1909. This period covers years of a comparatively low 
yield. Why the yield in 1909 should not have been greater, ow­
ing to the fact that the blooming period came after the last frost, 
isi problematical; but no doubt the orchards had been»so long neg­
lected, owing to unproductiveness, that when there was oppor­
tunity for them to bear heavy crops they were not in condition
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to do so. The blooming period and the last killing frost were 
very close together in 1911 ; and owing perhaps to weather con­
ditions and to the fact that the bloom was not very far advanced 
little injury resulted.
The chart illustrates in a limited way howT crop production 
ig affected by the relationship of frost to the blooming period.
The following table gives the dates of the last killing frost 
in the spring at the weather bureau stations noted. By referring 
to the record of the nearest station, each grower can estimate the 
danger period for his locality. Differences in latitude should be 
considered.
DATES OF LAST KILLING FROST IN SPRING
Year CharlesCity Davenport Des Moines Dubuque Keokuk Sioux City
1873
1874
1875
1876
1877
1878
1879
1880 
1881 
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
May 29 
Mav 4 
May 19 
May 21 
April 21 
April 20 
May 6 
May 13 
May 5 
April 21 
April 24 
May 3 
May 9 
April 30 
May ? 9 
May 20 
May 3 
May 3 
May 4 
May 3
April 8 
April 28 
May 2 
May 1 
April 30 
March 28 
April 17 
April 11 
April 14 
May 22 
May 22 
April 22 
May 9 
April 8 
April 26 
May 13 
April 6 
May 6 
May 5 
April 15 
April 13 
April 8 
May 14 
April 8 
April 17 
April 7 
April 16 
April 5 
April 21 
April 15 
March 30 
April 21 
April 18 
May 7 
May 11 
May 2 
May 3 
April 25 . 
May 2
April 18 
April 19 
April 15 
May 22 
April 2 
April 10 
May 7 
April 7 
April 25 
April 20 
April 6 
May 16 
May 11 
April 29 
April 23 
May 19 
May 12 
April 8 
April 20 
April 4 
April 16 
April 4 
April 20 
April 4 
Mav 3 
April 19 
April 18 
April 6 
May 4 
May 2 
May 3 
April 24 
April 9
April 17 
May 2 
May 1 
May 1 
March 28 
April 5 
April 15 
April 1 
May 2 
May 21 
April 21 
May 11 
April 8 
April 16 
May 13 
April 6 
May 6 
April 12 
April 15 
April 23 
April 8 
May 14 
April 8 
April 20 
April 7 
April 16 
April 9 
April 21 
April 15 
April 30" 
April 21 
April 16 
April 2 
May 4 
May 3 
May 3 
May 1 
May 2
April 23 
May 2 
April 2 
April 3 
March 4 
April 13 
April 17 
April 16 
March 26 
April 24 
April 8 
Apri} 8 
April 6 
April 5 
April 20 
April ‘ 6 
April 10 
April 7 
April 6 
April 23 
April -12 
April; 14 
April 4 
April 19 
April 6 
April 16 
•April 13 
April 18 
I April 8 
May 1 
April 21 
April 17 
April 1 
May 4 
May 2 . 
May 2 
April 25 
April 9
May 7 
Aprii 7 
May 7 
May 3 
May 19 
May '21 
Aprii 19 
Aprii 29 
Aprii 26 
May 4 
May 4 
Aprii 19 
Aprii 23 
Aprii 30 
Aprii 27 
Aprii 18 
May 6 
May 7 
' May 2 
May 10 
May 3 
May 2
The averages of the above are given below :
Charles City 
Davenport 
Des Moines 
Dubuque 
Keokuk 
Omaha, Neb. 
Sioux City
Length of Average date of Date of latest
Record Years last frost i
17 May
. 35 Apr.
31 Apr.
35 Apr.
37 Apr.
38 Apr.
19 May
i spiing frost in spring
16 May 29
22 May 22
22 May 22
21 May 21
11 Mav 4
16 May 19
4 May 21
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